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BioAssay Research Database 
BARD mission is to enable novice and expert scientists to effectively utilize 

MLP data to generate and test new hypotheses 

• Unique collaboration amongst NIH and academic centers with expertise in 

screening and software development 

• Developed as an open-source, industrial-strength platform to support 

public translational research. 

• Provides opportunity to address existing cheminformatics barriers 

– Deploy predictive models 

– Foster new methods to interpret chemical biology data 

– Enable private data sharing and collaborative discovery 

– Develop and adopt an Assay Data Standard with tools to: 

• Annotate assays to a minimum standards and definitions 

• Integrate and extend existing ontologies for meaningful assay 

descriptions 

• Enable assay creation, registration and modification 

– Provide an easy-to-use portal and an advanced desktop client  



737 Drugs Measured on 159 Targets (CEREP) 

With Scott Boyer (AstraZeneca) 

http://www.cerep.fr/Cerep/Users/pages/ProductsServices/BioPrintServices.asp


Target Class Enzyme GPCR_A GPCR_B GPCR_C “ADMET” Proteins Ion Channels NHRs Receptors Transporters 

Nr Targets 41 57 24 2 6 2 18 4 7 7 

Average Nr Actives 72 329 76 14 134 40 164 125 160 322 

Nr Biased Targets 2 39 3 0 1 0 5 0 2 5 

Average Nr Biased 

Actives 
234 444 224 0 317 0 450 0 471 409 

Total potential activities: 371,448; Total observed activities: 31,264; → Probability: 8.41% 

Definition: “biased targets” as those who exceed the 8.41 probability in this dataset.             

Biased targets account for 24,015 (76.81%) of the activities in the CEREP dataset! 

9/12/09 revision; dataset from 2007 With Scott Boyer (AstraZeneca) 

2211 Compounds:  

• 1225 Drugs;  

• 45 veterinary drugs;  

• 112 prodrugs;  

• 14 active metabolites.  
 

Of the 188 total targets, 20 

(DMEs) were removed.  

 

The less specific “ADMET” 

assays were kept for 

comparison 

 

http://www.cerep.fr/Cerep/Users/pages/ProductsServices/BioPrintServices.asp
http://www.cerep.fr/Cerep/Users/pages/ProductsServices/BioPrintServices.asp


DrugMatrix Dataset Origin 
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Activity Source Filter 

https://www.ebi.ac.uk/chembldb/ 

https://www.ebi.ac.uk/chembldb/
https://www.ebi.ac.uk/chembldb/


DrugMatrix Dataset Origin 

The University of New  Mexico 

SCHOOL  OF  MEDICINE  

https://www.ebi.ac.uk/chembldb/index.php/downloads# 

https://www.ebi.ac.uk/chembldb/index.php/downloads


DrugMatrix @ NTP 
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https://ntp.niehs.nih.gov/drugmatrix/index.html


DrugMatrix Database Content 
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Slide from B. Alex Merick and Scott Auerbach, NTP 



Progression of Content 

Numbers of Compounds: 

• 637 in Expression Studies 

• 867 with Molecular Pharmacology 

• ~900 with Full Curation 

• ~2000 with Base Curation 

• ~8000 with Structures 

Structures 

Base Literature 

Full Literature 

Molecular Pharm. 

Expression 

Slide from B. Alex Merick and Scott Auerbach, NTP 



DrugMatrix Chemical Diversity 
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Slide from B. Alex Merick and Scott Auerbach, NTP 



 
• Several public resources of screening results exist 

• PubChem 

• PDSP 

• ChEMBL 

• Binding DB 

• … 

• But there are many challenges 

• Syntactic, structural, semantic heterogeneity problems 

• Incomplete or no annotations 

• Lack of standardized metadata 

• Project context not well defined (assay relations) 

More data – not always more knowledge 



 • BAO to describe assays and screening results 

• Defines relevant assay and result annotations 

• Provides controlled terminology 

• Formalizes knowledge of assays and screening results 

• Described and formalizes screening campaigns 
 

• BAO addresses data problems to facilitate 

• Leveraging existing data in discovery projects 

• Global analyses across diverse data sets 

• Integration data from different resources 

 BAO scope and purpose 



 • Started November 2009 NIH funded 

• Version 0.9 released in September 2010 

• BAO 2.0 released Aug 2013 

• Systematic assay annotations (PubChem) 

• BAOSearch: Semantic Web Software System: 
http://baosearch.ccs.miami.edu/ 
(demonstration project; open source) 

• Several BAO papers and presentations: 
development, application, data analysis 

• More info: http://bioassayontology.org/ 

BioAssay Ontology (BAO) history 

http://baosearch.ccs.miami.edu/
http://baosearch.ccs.miami.edu/
http://bioassayontology.org/
http://bioassayontology.org/
http://bioassayontology.org/


 
• Several projects / organizations using or 

considering BAO 
– BARD 
– EU OpenScreen 
– OpenPHACTS (Astra Zeneca) 
– ChEMBL 
– LIFE (NIH LINCS program) 
– More: NCBI Bioportal (and coming) 

• Related funded research projects 
– BARD: http://bard.nih.gov/  
– LINCS Information FramEwork (LIFE): http://lifekb.org 
– Regenbase: http://www.regenbase.org/ 

BAO projects and impact 

http://bard.nih.gov/
http://bard.nih.gov/
http://lifekb.org
http://lifekb.org
http://www.regenbase.org/
http://www.regenbase.org/


 • Controlled vocabularies / thesauri: describe what 
things mean (link terms to definitions) 

• Share knowledge in a common language 

• Organize knowledge 

• Formalization of knowledge using logical axioms 

• Explicit specification (OWL-DL) 

• Building models (abstracting a knowledge domain) 

• Computing with knowledge (reasoning machines) 

• Exchanging information (reconcile knowledge on a 
global scale) 

 

 

 

 

 

So what do we mean by ontology? 



 

BAO original outline to describe assays 
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BAO 2.0 Modularization 
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BARD Data Dictionary & Associated Ontologies 
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Entrez 

Uniprot 

Gene Ontology Gene Ontology 

Disease Ontology 

BioAssay Ontology BioAssay Ontology BioAssay Ontology BioAssay Ontology 

Unit Ontology 

Uniprot Uniprot 

Unit Ontology 

BARD Dictionary & Term Hierarchy 

Chemical Ontology 

BARD Assay Definition Hierarchy 



 

BioAssay Research Database  
BARD mission is to enable novice and expert scientists to effectively 

utilize MLP data to generate and test new hypotheses 

• Unique collaboration amongst NIH and academic centers with 
expertise in screening and software development 

• Developed as an open-source, industrial-strength platform to 
support public translational research. 

• Provides opportunity to address existing cheminformatics barriers 
– Deploy predictive models 
– Foster new methods to interpret chemical biology data 
– Enable private data sharing and collaborative discovery 
– Develop and adopt an Assay Data Standard with tools to: 

• Annotate assays to a minimum standards and definitions 
• Integrate and extend existing ontologies for meaningful assay descriptions 
• Enable assay creation, registration and modification 

– Provide an easy-to-use portal and an advanced desktop client  



• Assay descriptions were curated manually, types of 
information 

• Assay type, assay method, detection method 

• Assay format, target protein, target species, protein 
preparation 

• Substrate, reference compounds and activity 

• Curation method / ontology 

• BAO2.0 development 

• Excel annotation template (capturing part of the 
hierarchy)  

 DrugMatrix subset curation 

21 



871 Chemicals Measured in 131 Assays 

IC50 data for 131 assays; greyed out columns are targets with zero hits; IC50 data only 



DrugMatrix Promiscuity 

• The overall probability of IC50 bioactivity in the DM dataset 

is 3.45% (3939 out of 114101 cells) 

• There are 62 chemicals that hit targets with higher 

probability. These include amitriptyline, chlorpromazine, 

olanzapine and thioridazine 

• There are 51 targets that show bioactivity with probability 

higher than 3.45%. These include several GPCRs 

(adrenoceptors, 5HTRs, muscarinic, etc.), calcium 

channels, Cyp-P450s, 15LO, COX-1, COX-2, and kinases. 

 

Target Class Enzyme GPCR_A GPCR_B GPCR_C “ADMET” Proteins Ion Channels NHRs Receptors Transporters 

Nr Targets 39 51 4 0 7 0 17 5 4 4 

Nr Targets 41 57 24 2 6 2 18 4 7 7 

Nr Biased Targets 7 25 0 0 5 p450s 0 5 3 2 4 

Nr Biased Targets 2 39 3 0 1 0 5 0 2 5 



Some Observations 

• Overall, 37 out of 131 targets needed manual curation at 

the target level; all needed ontology curation.  

• Some mis-haps: “Sigma2 receptor” is a progesterone 

associated membrane protein; Imidazoline I2 receptor is 

an allosteric site of MAO. 

• None of the links provided at the NTP / DM website are 

valid anymore (“ricerca” is now “eurofins”) 

• As assays “evolve” vendors retire the information; difficult 

to track original assay information (we did capture it) 

 



CEREP vs. DrugMatrix: Chemicals 

871 

chemicals 

DrugMatrix 

CEREP 

571 

chemicals 

506 

FDA-approved 

761 
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2206 

chemicals 

410 

FDA-approved 



CEREP vs. DrugMatrix: Targets 
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CEREP vs. DrugMatrix:  
Molecule-Target Pairs 

DrugMatrix 

CEREP 

3766 

M-T pairs 

(strict) 

3939 IC50s 

3166 Kis 

~3.x% 

1806 

M-T pairs 

(strict) 

? 31264 

Ki bioactivities 

8.41% 

 

2029 

M-T pairs 

(strict) 

To match bioactivities, assay conditions need to be evaluated as 

“similar” – that work could take months 



Some Observations: 2 

• Some assays have specificity of 70% - do we trust that? 

• There are 4 assays where the KM is above 2000 uM, the 

reference inhibitor is below 10 uM – do we trust that? 

• Several targets correlate at the “bioactivity fingerprint” 

level, on this particular set: e.g., adrenergics, calcium 

channels, muscarinics, share similar profile. A few 

surprises: D3R and 5HT6R; Imidazoline I2 and alpha-Ars 

• There is a similar situation in the CEREP Bioprint dataset. 

 



Instead of conclusions 

• DrugMatrix was not designed by chemists (they screen 

polymers; Zn and Zr salts; at least 3 cpds with 

untreaceable chemical structure). 

• Data-by-data comparison with CEREP (another full 

matrix) reveals several molecular-target sets for which the 

overlap of bioactives is zero 

• If you have an assay, you have information 

• If you have two assays on the same target, you may have 

CONFUSION 

• Where does knowledge come from?!  

• What do we really know? 

• More curation is needed before the decision-making 

process is served well by experimental data 
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